Introduction: In power electronics applications, power devices in particular are subject to constant stress of over-current surge and voltage over swings because they normally operate in an environment requiring rapid speed variations, frequent stop=start-ups and constant overloads. Although protection devices such as snubber circuits are commonly used, switching devices are physically small and thermally fragile; even a small electrical disturbance can cause thermal rating to be exceeded, resulting in rapid destruction of the device [1] . In many cases, occasional failures may be tolerated, but, in the case of expensive, high-power systems, multi-converter integrated automation systems and safety critical systems, advance indication of unusual performance that may lead to sudden system failure is mandatory [2] .
This Letter presents practical results on condition monitoring of a pulse width modulation (PWM) voltage source inverter (VSI) for a closed-loop, fuzzy logic v=f speed control strategy for an induction motor drive, as shown in Fig. 1 . A combination of discrete wavelet transform (DWT) and fuzzy logic (FL) is proposed to detect and identify the transistor open-circuit fault and an intermittent misfiring fault. This method is found to offer higher detection efficiency and reliability. Proposed scheme: The process can be divided into three main stages: detection, feature extraction and fault identifier. In the detection process, DWT was implemented using Daubenchies 4 (D4) function as the 'mother' wavelet and decomposition level 1. This mother wavelet and decomposition level were selected as they offer the best feature of detecting the short surge event. In this project, a DWT is used together with a 'sliding data window'. At each time step, the data in the window is fed to the DWT to compute the corresponding DWT coefficients. A 'change' is considered to have occurred in the stator current waveforms if the wavelet coefficient exceeds a given band. On detecting the current waveform change, the sliding data window aligns itself to the point when the change was detected. On detecting the fault, the system will calculate the value of DC offset in the currents. The value and the polarity of the DC offset are then fed to the fuzzy logic identifier system to determine the faulty device. The if-then fuzzy rules for this proposed VSI fault diagnosis algorithm were constructed based on the conditions given in Table 1 . Then, the feature extraction process will take place to differentiate between the transistor base drive open-circuit fault and an intermittent misfiring fault. In case of an intermittent misfiring fault, as described by Smith et al. [3] the currents normally take two to four cycles to settle back to normal operating condition, depending on drive controller type.
Experimental results: The motor used in this experiment is a threephase, 50 Hz, 3 hp, four pole, squirrel cage induction motor. The PWM waveform waveforms and the fuzzy controller are performed on a single chip Intel 80C196KC 16-bit micro controller. The motor shaft is coupled to a DC generator. The drive system was initially tested under the normal operation mode. The speed was kept constant at 1000 rpm with 100 V DC supply. Then the first fault, which is the transistor base drive open-circuit fault of T1, is introduced and stator currents are examined as a function of failure mode. Fig. 2 shows the stator currents and DWT coefficient. It should be noted that this fault introduced the DC offset to the phase currents, as can be clearly seen. A larger DC offset magnitude is detected in phase A, as compared to the other phases. Also, the polarity of the DC offset in phase A is opposite with the other phases. The DWT is able to capture the significant irregular data pattern such as sharp 'jumps' in current waveforms, as is clearly observable in Fig. 2b . Immediately after the fault occurrence, a sharp spike appears in the D4 detail coefficient signal indicating the fault. The second fault is the transistor intermittent fault. In this test, the transistor intermittent fault is introduced to the inverter circuit by suppressing the firing pulse to the transistor T3 for a short period of time. Fig. 3 shows the phase currents when the intermittent fault of T3 occurred for 0.0175 s (from t ¼ 0.3515 s to t ¼ 0.3685 s). It can be seen that the system is able to recover from the disturbance and the phase current distortion decays in a few output cycles under the effect of the fuzzy logic controller. These results agree with the experimental results mentioned in [3] . Again, the DWT coefficient is successful in detecting the intermittent misfiring fault, as shown in Fig. 3b . In addition, by observing the D4 coefficient, the instant when the fault started and vanished can be obtained. 
